. Given the importance of GRB2 in signal We used fear conditioning, which is known to alter transduction in neurons and the essential role of LA in synaptic efficacy in lateral amygdala (LA), to study the formation of long-term memory of fear conditioning, molecular mechanisms underlying long-term memory.
the tone-shock relation was only formed in the paired Thus, fear conditioning provides a behavioral tool and group. Naïve rats placed in the conditioning apparatus without exposure to either stimulus also exhibited minimum freezing. Figure 1B1 ). The level of GRB2 protein protein in the postsynaptic densities (PSDs), or the insulin receptor substrate (IRS) that is known to be phosin the immunoprecipitants was similar in all groups, indiphorylated on tyrosine and to bind GRB2, did not differ cating that the increase of the phosphoproteins is due between, or was not detected in, the various GRB2 imto a difference in their recruitment to GRB2 rather than munoprecipitants (data not shown). to an increase in the level of GRB2 protein itself (Figure  The anatomical localization of GRB2 and p190 Rho-1B2) . Thus, a GRB2-mediated complex is formed specif-GAP within LA was examined (Figure 3) . By low power ically following associative pairing of the tone and (4ϫ; Figures 3A and 3B ), labeled cells were seen shock. The fact that the unpaired group was exposed throughout the amygdala. Dense patches of peroxidase to the same stimuli indicates that the results are not labeling were associated with the intercalated nuclei. due to non-associative factors such as shock-induced High-power Nomarski optics (100ϫ; Figures 3A and 3B , stress responses. Furthermore, immunoprecipitation insets) revealed thick dendritic processes emanating with nonimmune rabbit IgG revealed a very low backfrom labeled cells and a dense matrix of labeled denground of tyrosine phosphorylated proteins (lower than drites and puncta. Dual-label confocal analysis showed the level detected in naïve group immunoprecipitated that these proteins colocalized in LA cell bodies and with anti-GRB2) that was not different between paired dendritic processes ( Figure 3C ). Furthermore, electron and naïve groups at 30 min (n ϭ 3 each). This observation microscopic analysis revealed that both GRB2 and p190 indicates that the tyrosine phosphorylated proteins, imRhoGAP immunolabel was localized to somata, denmunoprecipitated with anti-GRB2 antibodies, are pulled drites, and dendritic spines ( Figures 3D and 3E ). Immudown specifically through their interaction with GRB2.
nolabel in glia and axon terminals was rarely observed. The timecourse of GRB2-mediated complex formaThough labeled somata contained abundant cytoplasm, tion in Figure 1B1 is consistent with previous studies they exhibited the morphological characteristics of proshowing that learning induces a significant increase in jection cells (e.g., their nuclei were not invaginated and phosphorylation of proteins tens of minutes following only symmetric synapses were observed along the peritraining that rapidly subsides to basal level (e.g., Berman karyal plasma membrane). Watson, 1986). The cannulas were fixed in place with acrylic dental cement and secured by three skull screws, and internal cannulas were washed with wash buffer for 30 min. The blots were subjected to ECL for 1 min and exposed to X-ray film. The films were scanned removed. Dummy cannula that was 0.5 mm longer than the chronic cannula was placed in the guide cannula to prevent clogging. After (Snapscan1212, AGFA) and the intensity of the protein bands on the film was analyzed using the Intelligent Quantifier (V.3.0) software surgery, rats were administered butorphanol tartrate (2.0 mg/kg, i.p.; Torbugesic; Fort Dodge Laboratories, Fort Dodge, Iowa) and (Genomic Solutions, Ann Arbor, Michigan). Differences among groups were evaluated using ANOVA (Scheffe contrast tests were atipamezole (1.0 mg/kg, i.p.; Antisedan; Pfizer) for analgesia and reversal of the anesthetic. Animals were allowed 1 week to recuperused with an ␣ level of 0.05).
ate before being subjected to experimental manipulations. 
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